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(CeV04) may provide several vacant sites which on
photoexcitation are occupied by the electrons. The
trapped electrons, thus held up in the state of
suspension by strongly electronegative oxide ions
surrounding the V(V), are not able to reach the
d-Ievels of vanadium(V) and, therefore, do not
cause the reduction of V(V) to V(IV). Further,
with increasing duration of exposure, the increase
in the intensity of the 19230 crrr+ band, is another
evidence of the trapped electror.s rather than the
photoreduction of V(V) to V(IV). Thermal agitation
reverses the direction of electron mohility and the
electrons are regained by Ce(IV), consequently,
restoring the original colour of the glass.
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The 1t-electronic spectra of benzonitrile, nitro-
benzene, dinitrobenzenes and nitrophenols have been
calculated using Molecules in Molecules method.
The two-centre repulsion integrals are calculated by
the Nishimoto-Mataga approximation. The values
of the resonance integrals are considered as adjustable
parameters. The direct charge transfer energies and
the effect of hydrogen bond have been taken into
consideration in case of nitrophenols. The calculated
spectral transition energies are in good agreement
with the experimental ones. Starting parameters
are suggested for MIM calculations of compounds
having nitro, cyano, hydroxy groups.
*On leave from Department of Physical Chemistry,
Technical University, Budapest, Hungary.
NOTES
THE -e-electronic spectra of benzonitrile, nitro-
benzene, dinitrobenzenes and nitrophenols were
calculated by the Molecules in Molecules (MIM)
method. The two-centre repulsion integrals were
calculated by the Nishimoto-Mataga approximation-
in preference to the other methods=". The ~I"V reso-
nance integrals were taken as variable parameters.
The nitro and cyano groups were taken as acceptors
and the hydroxy group as donor compared to the
benzene ring.
The various experimental and theoretical" para-
meters, bond distances (rl"v), valence state ionization
potentials (11") and electron affinities (AI")' one-centre
repulsion integrals (Y1"1") needed for the calculation
are given in Table 1. The locally excited con-
figurations of the subsystems were calculated by the
PPP type SCF calculations using the above data
as well as ~C=N = -3·5 eV and ~NO = -3·0 eV
for resonance integrals (values found as the best for
benzonitrile and nitrobenzene). The calculated wave
functions (~) and the experimental -e-electron tran-
sition energies of the subsystems, nitromethane and
acetonitrile are given below, where Xi denote the
atomic orbitals. CH3N02; (Eexp\ = 6·2616 eV)3.6;
~l = a:.?a3; ~2 = aiIa3' a1 = 0·7297x1+0'4835(x2
+x3); a2 = 0·7071 ( -X2+X3); and aa = 0·6838x1
-0·5160 (X2+X3)' CH3CN; Eexp\ = 7·4240 eV)3,6;
IjJ = aiIQ(z. al = 0·6415 x1+O·7671 x2; and a2 =
0·7671x2 -0·6415x2•
The locally excited configurations and electron
transitions of benzene ring were taken from our
earlier work", The experimental ionization poten-
tials of donor subsystems are: 1benzene = 9·245 eV8,
IcH.OH = 10·83 eV9. The experimental electron
affinity of acceptor subsystems are: A benzene = -1·10
eVIO, ACH,NO, = -0·56 eVll.
There is lack of experimental electron affinity
data on benzonitrile. Therefore this parameter had
to be taken as a variable parameter together with
the resonance integral ~C.CN' The results are shown
in Fig. 1, where the horizontal lines represent the
experimental energies. The differences between the
two ~c.CNvalues giving the two exact energies are
drawn in the upper part of the Fig. 1. The results
show that calculations carried out with larger
electron affinities give better results. On the other
hand considering the cyano group as an acceptor
the upper limit of its electron affinity seems to be
that of benzene ring (-1·10 eV). For this reason,
the electron affinity of acetonitrile was taken as
ACH,CN = -1·00 eV, corresponding to an optimum
value of ~C-CN = -2·5 eV.
TABLE 1 - CALCULATED ATOMIC PARAMETERS AND
EXPERIMENTAL BOND DISTANCES
C (trlrtr ,,) 11·16
N (trtrtr ,,0; nitroi) 25·73
o (tr"tr"tr rr ; nitroi) 17·70
C (didi rerr ; cyanoi] 11·19
N (di2di rrrr ; cyanoi) 14·18
o (trOtrtr ,,~; hydroxyi) 30·07
*Obtained from ref.
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Fig. ~ - Energies of the first two singlet transitions as a
function of ~C'CN and ACH,CN [The horizontal lines represent
the experimental values]
The calculated electron transition energies of
benzonitrile are 4·611 (cxpl.t? 4·484), 5·445 (expl.l"
5·610), 6·277 and 6·408 eV. The accuracy of the
calculation seems to be satisfactory!". The error
of the first band is 2·8% and that of second band
it is 2·9% of the experimental values. According
to the calculation the second band has a strong
charge transfer character (about 30%) and this seems
~o verify the statement given by Kimura et al.4
1Il contrast to that of others-".
. The optimum value of resonance integral for
nitrobenzene was found as ~CN= -4·0 eV. How-
ever this value proved to be very high for the
calculations on dinitrobenzenes and for this reason
the transition energies given in Table 2 were
cal~ulated by taking ~CN = -3,0 eV which gives
satisfactorv results for nitro- and dinitrober.zenes.
The greatest error is 7·5% for the secor.d band of
nitrobenzene and 4·4% for the first band of ortho-
dinitrobenzenes compared to the experimental value.
!he order of calculated energies for the first bard
is: p<m<o, and for the second one: p<o<m.
This is in accordar.ce with the experimental order.
The second band of nitrobenzene has a strorg charge
transfer character (about 36%) and this verifies the
statement of Nagakura ef al.".
The direct charge transfer energy (T~) and the
resonance integrals between the T'fj and TA as well
as between T~ and TD configurations were to be
TABLE 2 - CALCULATEDAND EXPERIMENTALENERGIES OF
NITROBENZENE AI\D DINITROBENZENES
Compd Eeale Eexpl Compd Eeale Eexpl
(eV) (eVp9 (eV) (eVp"
Nitro- 4'480 4·320 m-Dinitro- 4·225 4·350
benzene 5·323 4·949 benzene 5·209 5·462
6·074 5·961 5'387
o-Dinitro- 4·229 4-428 p-Dinitro- 4·131 4·217
benzene 4-828 5·166 benzene 4·608 4·862
5·663 5·848 5·977
TABLE 3 - CALCULATEDAND EXPERIMENTALTRANSITION
ENERGIES OF NITROPHENOLS
Compd Eeale Ecxpl Compd Eeale Eexpj
(eV) (eV)10 (eV) 19 (eV)19
a-Nitro- 3-708 3·573 p-Nitro- 4·096 4·350
phenol 5·002 4'592 phenol 4·773
5'480 5·876 5·516 5·661
m-Nitro- 3'803 3·948
phenol 4·696 4·805
5·855 -5,585
taken ir.to consideration for nitrophsnols containing
a donor and an acceptor group.
An attempt was also made to consider the effect
of hydrogen bor.d, For this the valence state
ionization potential of oxygen atom of hydroxy
group was reduced and that of the corresponding
oxygen atom of nitro group was ii.creased. It
seemed to be reasonable because the hydrogen bond
causes a positive polarization along the N -0 bond
and .a n.ega~ive one along the 0 -H bond, increasing
the ioiuzation energy of the -e-electron of the nitro
group and decreasing that of the hydroxy group.
. The calculation was carried out by the resonan ce
Integrals found as the best for phenol-" and nitro-
benzene: ~co = -2·4 eV ar.d ~CN = -4·0 eV.
The calculated energies are given in Table 3
and their agreement with the experimental values
seems to be satisfactory. The greatest error for the
first band is 5·7% (p-njtrophel~ol).
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